Since the 1990s, lane detection algorithms have been an essential part of intelligent vehicle systems and have been used in many applications such as driver assistance, lane departure warning, and lane-keeping systems. Hence, this type of algorithm has received considerable attention. However, certain conditions are still a challenge: shadows, certain solar positions, climate, and occlusion. 1 Many algorithms 2-6 have been developed to achieve robustness against these difficult conditions. For example, Wang and colleagues developed the canny/Hough estimation of vanishing point method, 5 whereas Aly proposed an approach that combines the plan-view and random sample consensus (RANSAC). 6 Unfortunately, these algorithms still detect false lanes as a result of shadows from uniformly oriented tree trunks, telegraph poles, and buildings.
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To solve these problems, we propose a simple, efficient lane marker detection system that uses a log-polar transform (LPT) and RANSAC. 7 The system applies two key techniques. First, the new lane model based on an LPT converts Cartesian space coordinates (x, y) into a radius (log ) and angle (Â) relative to the origin of the coordinate system: see Figure 1 (a). Regardless of whether it is straight or curved, a 2D lane is represented by parabolic curves in log-polar space: see Figure 1 Our proposed lane detection algorithm requires a human operator to provide an initial estimate of the road location. The operator selects the region of interest-see Figure 1 (b): center-by setting parameters such as the coordinates of the upper-left corner of the region and its width and height. By contrast, other systems require an assumption regarding the road's structure (for example, that it is straight, with two parallel lanes) and then extract the vanishing point using
Figure 1. Lane modeling using the log-polar transform (LPT): (a) definition of LPT, and (b) the original image (left), the binary image with region of interest in red after pre-processing (center), and the image transformed by the LPT (right).
the Hough transform; hence, the computational complexity is increased.
The algorithm begins by dividing the original image of the road into subregions. It then pre-processes each one by smooth filtering and adaptive thresholding: see Figure 2 (a). This produces a candidate lane, to which an LPT and RANSAC curve fitting are applied. Specifically, a sample of the points available in the candidate lane is fitted with a uniform cubic B-spline using a least squares method. This step provides the control points for the spline that minimizes the sum of the squared error in fitting the sampled points. The algorithm uses three control points, which are sufficient for fitting the spline. As the first and third control points are in triplicate, the parabolic curve is actually computed from seven points.
During the experimental development of our algorithm, we collected a number of different images-from highways and
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Figure 2. The results of the proposed lane detection algorithm: (a) binary images produced by pre-processing and (b) the corresponding LPT images. (c) The results of random sample consensus (RANSAC) parabolic fitting, and (d) the corresponding inverse LPT images.
urban streets, with and without shadows, straight and curved roads-using the lane detection system with a CCD camera (see Figure 3) . The system was implemented in C++ using the open source OpenCV library and tested on real roads, including curved and straight roads. According to computer simulations, the proposed lane detection system exhibits lower computational complexity and better lane detection performance.
In summary, we have introduced a new lane model based on the LPT and a lane detection algorithm using RANSAC. To extract the optimal lane markers, the algorithm performs a preprocessing step and transforms the candidate lanes to log-polar space. Then the RANSAC B-spline fitting method is used to exactly match the lane markers. Computer simulations indicate that high lane detection performance can be achieved under various weather and road conditions. Our future work will focus on reducing false positive lane identifications and implementing a real-time system using a system on chip. 
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